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1. Executive Summary
Greater awareness of the ramified network of the effects of materials and products on the environ-
ment has led to an interest in understanding life cycle implications of building design. Together 
with escalating construction costs and depletion of natural resources, it has become even more 
pertinent to understand the full cost, financial and environmental, of renovating versus construct-
ing new facilities. Life Cycle Assessment (LCA) is an increasingly significant means of evaluating 
the environmental impacts of construction materials and is gaining acceptance in the green build-
ing field. It is a methodology for assessing the environmental performance of a service, process, or 
product over all life-cycles, i.e. cradle to grave.

This study comprised a post-mortem (post-design) Life Cycle Assessment and salvaged value 
cost estimate of the Buchanan Renovation Phase 1 – Building D, located on University of British 
Columbia campus. Busby Perkins+Will used the Athena™ Environmental Impact Estimator life-cycle 
analysis tool to model the different schemes, to analyze the avoided environment impacts associ-
ated with the retention of building components and to compare the life-cycle implications between 
the renovation project and a new building scheme that implied demolishing the entire existing con-
struction. These implications, or “summary measures”, reviewed in this study are:

– Primary Energy Consumption (MJ)

– Global warming potential (GWP) (CO2 equivalent)

– Index of Air Pollution Effects

– Index of Water Effects

– Natural Resource use (kg) 

– Weighted Resource Use (kg)

– Solid Waste (kg)

It was first found that a significant amount of energy, resource and pollution is embodied within the 
existing building; the vast majority of the environmental impacts occurring mostly during the manu-
facturing phase, but also during the construction phase. As a result of retaining as much as possible 
of Buchanan Building D, and thereby avoiding the manufacturing and construction phases of many 
new building materials, the overall environmental footprint of the renovation project is considerably 
reduced. When comparing Total Life Cycle environmental implications, significant volumes of solid 
waste (147,607 kg), water pollution (index of 314) and resource use (4,460,831 kg) are avoided by 
retaining and reusing components. An additional 3.5 million litres of water use is embodied within 
the retained components. 

In comparing the Renovation and New Construction schemes, the inclusion of Total Operating 
Energy consumption became a determining factor since its effect is greatly accentuated by the life-
expectancy of the building. For instance, even though the renovation project has substantially lower 
environmental impacts in three (Solid Waste, Water Pollution Index, Natural Resources) of the six 
analysed categories, the New Building scheme has a slightly smaller environmental footprint in the 
other three (Primary Energy Consumption, Air Pollution Index, and Global Warming Potential).

Furthermore, Altus Helyar Cost Consulting estimated an additional cost of $8,472,000 to replace 
the existing building by a new one. They estimated the salvage value of the retained components to 
be $7,650,500, equating to approximately $1,500 per square meter. 
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This study, finally, provides an in-depth look at the salvaged value, environmental life cycle ben-
efits and ramifications, and the tradeoffs of renovating versus constructing a new building. It helps 
the University of British Columbia to fully understand the magnitude and scope of up and down 
stream environmental implications and salvage value of retaining large components of the Buchanan 
Building D. For the University, the project results in a more cost effective solution and has a com-
paratively low environmental life cycle impact, particularly with respect to water pollution, resource 
use, and solid waste.  
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2. Introduction 
2.1. Purpose of the Study

The University of British Columbia, Renew Program engaged Busby Perkins + Will and Altus Helyar 
Cost Consulting to complete a life cycle assessment and costing analysis of retaining Buchanan 
Building D. The intent of this analysis is to quantify both the environmental impacts and costs that 
are avoided by retaining parts of the existing building like the structure, as well to compare the 
environmental impacts of renovating versus demolishing and constructing a new building.

The project is two fold. Busby Perkins+Will has carried out a life cycle assessment analysis using 
the Athena Sustainable Materials Institute’s (Athena) Environmental Impact Estimator (EIE) tool to 
quantify the environmental life cycle implications and benefits of retaining Building D. Altus Helyar 
Cost Consulting has quantified the volume and salvage value of the materials retained in today’s 
dollars. 

2.2. Project Description

Buchanan Building D, originally built in 1960 as a multi-purpose classroom addition, is currently 
being renovated under UBC’s Renew Program to accommodate current and future educational 
needs. Block D consists of 1-level below grade (basement with M&E rooms) and 3-levels above 
ground with classrooms/student services. The gross floor area of the project, measured in accor-
dance with the Canadian Institute of Quantity Surveyors guidelines is 5,090 square meters

Its structure is made of concrete with pre-cast hollow-core floor and roof slabs. The newly reno-
vated building will serve as the new hub for undergraduate services on campus, providing new class 
room space, program space for Academic Undergraduate Advising, graduate student offices for the 
Department of Philosophy, Continuing Education Office, and Arts Undergraduate Society. 

The Buchanan Renovation Phase 1 – Building D project principally consists of making the enve-
lope more energy efficient by changing the current single-glazed strip windows to a double-glazed 
window system and of renovating the interior by replacing the partitions, the ceilings and the floor 
finishes. Some major mechanical upgrades and new elevator will be added as part of the renovation 
project. In sum, the majority of the building’s structure and superstructure is to remain. This reno-
vation project has a green design goal of LEED®-Gold certification.





Life Cycle Assessment
Buchanan Building D

 
5PREPARED FOR UBC PROJECT SERVICES �����������

3. Overview of Life Cycle Assessment
3.1. Overview of LCA

Conventional design and construction practices have typically produced resource-intensive build-
ings. Worldwide, the construction industry consumes approximately 3 billion tonnes of raw resources 
annually, at an unsustainable rate of depletion. Fossil fuel energy is used to extract, refine, manu-
facture and transport building materials, contributing to global warming. Moreover, the energy 
required to operate a building over its life span is many times greater than the energy consumed 
during its construction. However, for other embodied effects such as toxic releases to water, effects 
during the resource extraction and manufacturing stages greatly outweigh any releases associated 
with building operations.1 

In Canada, buildings are major consumers of energy, water, and material resources. More specifi-
cally, residential and commercial buildings within the Greater Vancouver area on an annual basis are 
estimated to: 

– Emit 3.6 million tonnes of greenhouse gas, representing 35% of the regional (GVRD) contribu-
tion to greenhouse gases.

– Consume 309 million cubic metres of water

– Consume 51 million Gigajoules of electricity

– Consume 64 million Gigajoules of natural gas

– Generate 1.7 million tonnes of demolition, land clearing, and construction materials, 40% of 
the municipal solid waste stream.2 

These numbers just begin to quantify the life cycle impact of buildings within the region. There 
are many opportunities for building owners and designers to lessen a building’s life cycle impacts 
through the careful selection of resource efficient building materials and the integration of green 
design strategies such as passive design systems which take advantage of natural systems (i.e., day-
light and natural ventilation). Building reuse and retrofit is another strategy or approach for building 
owners to consider as a means of reducing the up- and down-stream impacts of a building. There 
are, of course, numerous factors to consider when reusing a building such as its overall energy per-
formance, programming issues, historical value, cost, etc. 

Life Cycle assessment (LCA), by definition, is a methodology for assessing the environmental per-
formance of a service, process, or product including a building, over its entire life cycle . LCA goes 
beyond green design guidelines or green building certification programs, by offering a greater in-
depth analysis of products and identifying a full spectrum of estimated effects. The quality of an 
LCA is largely dependent on the quality of life cycle inventory analysis or data sets detailing mate-
rial flows in and out of the system, such as raw resources, energy by type, water, and emissions to 
air, water and land. 

LCA methodology is still evolving and being refined as more data becomes available on new building 
materials. Nevertheless, LCA is recognized as an internationally- accepted approach to assessing the 
comparative environmental attributes of products and processes. 

1. ATHENA Sustainable Materials Institute. What is LCA? www.athenasmi.ca/about/challenge.html
2. Greater Vancouver Regional District (GVRD). 2003. Green Building Design: Principles, Practices & Systems. GVRD.
3. Trusty. W & Horst.S. 2002. Integrating LCA Tools in Green Building Rating Systems. The Austin Papers Best of the 

2002 International Green Building Conference. Austin, TX. USA. 
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Several software tools are available that allow project teams to perform life cycle assessments. The 
US Department of Commerce National Institute of Standards and Technology BEES (Building for 
Environmental Sustainability) tool (US) performs life cycle assessments on individual products. The 
Athena Sustainable Materials Institute’s Environmental Impact Estimator (EIE) (Canadian), Envest 
(UK) and EcoQuantum (Netherlands) are software tools that perform life cycle assessment of whole 
building systems. Of these whole building life cycle assessment tools, the Athena Environmental 
Impact Estimator is the only tool applicable to North America. It can be used during the conceptual 
phase of a project to evaluate whole building system designs; whereas software tools such as BEES 
compare individual products independent of each other. 

As with any new tool or system, there are obstacles and constraints. The greatest and most recog-
nized constraints to LCA are: limited availability of product data and absence of appropriate refer-
ence or benchmarks against which to judge LCA results for a particular building.

By understanding the life cycle impacts of a project, design teams and building owners are able to 
better understand the full environmental effects accrued throughout all life cycle stages (material 
extraction, manufacture, transportation, construction and end-of-life).

3.2. Overview of Athena™ Environmental Impact Estimator

Based on Busby Perkins+Will’s previous experience working with the Athena™ Environmental 
Impact Estimator (EIE) software tool, this tool was used for this study to quantify the environmental 
impacts that are avoided by retaining the existing shell for the Building D. 

As described above the EIE tool is the only software available in North America that will perform 
an LCA of an entire building assembly. It is also regionalized; calculations are based on typical 
practice, energy use and transportation of materials. It currently covers eight specific regions for 
Canada, three for the U.S., and a U.S. average, and allows users to take account of the embodied 
effects of material maintenance and replacement over an assumed building life, distinguishing 
between owner-occupied and rental facilities where relevant.

The Environmental Impact Estimator is a life cycle assessment-based decision support tool which 
allows the project teams to examine the environmental implications of product selection related to 
building structure and envelope (i.e., foundations, walls, beams and columns, floor and roofs, and 
extra items). The tool takes into account the following factors for the modeled project and material 
assembly:

– material manufacturing, including resource extraction and recycled content;

– related transportation;

– on-site construction;

– regional variation in energy use, transportation, and other factors;

– building type and assumed lifespan (100 years);

– maintenance, repair, and replacement effects;

– demolition and disposal; and

– operating energy emissions and pre-combustion effects.
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Once the project is modeled within the software, the following environmental implications, or sum-
mary measures, are generated (see Appendix A for definitions):

– Primary Energy Consumption (MJ)

– Global warming potential (GWP) (CO2 equivalent)

– Index of Air Pollution Effects

– Index of Water Effects

– Natural Resource use (kg)

– Weighted Resource Use (kg)

– Solid Waste (kg)

– Total Life Cycle Costs Including Operating Energy (Embodied Energy, MJ) 
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4. Modeling using Athena™ EIE software
4.1. Modeled Assumptions

4.1.1 Models

In order to best assess the complex relations between the environmental impacts of renovating 
Buchanan Building D in comparison of building a new and similar construction, various models 
were made:

Model 1 – Full Demolished Building

Model 1 was created in order to estimate the impacts of demolishing the existing building. Only the 
end-of-life and bill of materials data were extracted for this analysis. These results were added to 
the environmental impacts of Model 5 – New Building in order to order to quantify the full life cycle 
impacts of demolishing and constructing a new building.  

Model 2 – Demolished Materials

Model 2 quantifies the environmental impacts of the selective demolition. The removed materi-
als comprised aluminum frame glazing system, the majority of interior hollow clay tile partitions 
along with their stucco finish, and concrete masonry unit interior walls (refer to Section 2.2 Project 
Description).

The removed materials were modeled so that the resulting data could be added to those of Model 4 
– Renovation Work in order to understand the total impact of the renovated building. Only the end-
of-life and bill of materials data were used. 

Model 3 – Retained Components

The goal of this model was two fold. First this model was used to estimate the avoided environmen-
tal impacts of keeping major components of the existing construction as part of the renovated build-
ing scheme. For this analysis, only the manufacturing, construction and end-of-life of the remaining 
construction needed to be accounted for in the calculations of the avoided impacts exercise. A 
building-life-expectancy of zero years was used which automatically discarded the Operations and 
Maintenance environmental impacts from the model.

The second purpose of this model was to use the modeled data for a comparison exercise 
between the Renovated and the New Building schemes. Since the building already exists, only the 
Operations and Maintenance and the end-of-life results were used for the comparison exercise and 
an estimated building-life-expectancy of 80 years was used.

The retained components principally consist of the concrete foundation and structure, floor slabs, 
roof assembly, stairs, and exterior walls. 

Model 4 – Renovation Work

This model includes only the new materials of the renovation work and its outputs were added to 
the overall Renovated Building scheme (as described below) to estimate the reduced environmental 
impacts of renovating the existing building, as oppose to building new. An estimated building-
life-expectancy of 80 years was used. The new added materials mainly include: steel stud interior 
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partitions and shaft walls with gypsum board both sides with batt insulation within cavities of some 
of them; concrete masonry unit elevator shaft walls; and exterior aluminum double-glazed window 
system (refer to Section 2.2 Project Description).

Model 5 – New Building

This model, intended to simulate the construction of a new building that would be an exact replica 
of the existing building in size and materials, is in fact Model 3 with higher standards of construc-
tion. The roof insulation has been upgraded from 25.4mm to 101.6mm. Rigid insulation of 50mm 
in thickness and vapour-barrier membranes have been added to the concrete slabs-on-grade and the 
foundation walls. Finally, the level of flyash in concrete has been increased where possible, i.e. in 
all the footing, foundation walls, the concrete topping and the slabs-on-grade have 35% of flyash 
content. It is also important to note that the results obtained were combined with those from Model 
4 in order to create a complete building. A building-life-expectancy of 80 years was applied to this 
model.

Summary of Renovation vs. New Building Schemes:

In order to accurately compare a renovated building with a newly constructed building, we were 
required to combine several of the models listed above to capture the impacts associated with full 
and selective building demolition. 

4.1.2 Other Assumptions

In addition, a number of modeling assumptions were made, in part because some of the exist-
ing building materials were not available in the software database. Below is a list of the modeled 
assumptions:

– The majority of the interior partitions were constructed with hollow clay tiles. As per the rec-
ommendation by Athena™’s representative, the total amount of hollow clay tiles was modeled 
as “roofing clay tiles” and converted into square meter area;

– In order to take into account the difference in quality between the glazing system installed 
in 1960 and the new glazing to be installed, the existing glazing system was modeled using 
Extra Basics Materials as per linear meters of aluminum framing and square meters of single 
standard glazing while the new strip windows were modeled using the Curtain Wall Type of the 
Athena database;

– For the concrete structure average column and bay spacings equivalent to the overall span of 
the existing structure were used; and

– For the renovation model, all the steel studs interior partitions were summarized into two types 
of envelope definitions: 5/8” Gypsum Board Type-‘X’ both sides with 89mm batt insulation 
within cavities and 5/8” Gypsum Board Type-‘X’ both sides (Note: the software tool only allows 
two different kinds of envelope definition per type of framing).

Renovation Scheme

Model 2 (end-of-life plus bill of materials)

New Building Scheme

Model 3 (Operations and Maintenance,  

End-of-life and Operating energy at 100%

Model 3 (Operations and Maintenance,   

End-of-life and Operating energy at 100%

Model 1 (end-of-life plus bill of materials)

Model 4 (All measures included)

Model 5 (All measures included and  

operating energy at 85%)
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4.1.3 Operating Energy Consumption

The Operating Energy Consumption was included in Models 3 and 5 for the comparative exercise 
between the Renovation and New Building schemes. The Commercial Building Incentive Program 
(CBIP) Screening Tool, used by Stantec (the Mechanical Engineers on the current renovation proj-
ect) to assess the energy efficiency and consumption, estimated an overall performance improve-
ment of 16.4% for the Renovated Building when comparing to the existing. It was projected that 
the annual energy use for the Renovated Building would be 3,652,000 MJ. 

The annual operating energy use for the New Building model was estimated at 90% of the annual 
operating energy use for the Renovated Building, making the new building 26.4% more energy 
efficient than the existing building, which is equivalent to the CBIP standard of at least 25% lower 
than the Canadian Model National Energy Code for Buildings (MNECB). This is a conservative 
estimate for a new building but it provides a point of comparison between the Renovated and New 
Building schemes. 

4.2.  Modeling Limitations

One of the major challenges encountered while modeling the existing building was to correctly 
select comparable materials when the existing materials were not available within the software 
database. An example of this is described in section 4.1 above where roofing clay tiles were used to 
model the hollow clay tiles interior partitions. Since there was no hollow clay tile wall type available, 
the 4” hollow clay tiles were converted into square meter area and an estimated amount of mortar 
needed to be inputted as Extra Basic Materials.

It is also important to note that the EIE tool only takes into account the construction related to the 
structure, envelope, partitions and roof assembly of a building. Other components typically related 
to a building such as site work, equipment, furnishings, and conveying systems are considered of 
less importance by the Athena™ Sustainable Materials Institute due to their usually smaller envi-
ronmental impact. As well, only a limited range of wall finishes can be modeled into the EIE tool, 
which leaves a wide array of finishes unaccounted for, including floor finishes and ceilings. Even 
the materials and work related to mechanical and electrical, which typically are a major part of the 
building construction, are not part of the LCA models. 
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5. Discussion of Results
The following sections provide a summary of the results generated by the various models described 
above. Section 5.1 first provides a synopsis of the environmental impacts avoid by retaining the 
Building D structure whereas section 5.2 provides a more detailed comparison of the environmental 
impacts linked with renovating versus constructing a new building. 

5.1. Avoided Environmental Impacts by Retaining Components

When considering the avoided life cycle impacts of retaining Building D, Model 3 demonstrates 
there are significant benefits associated with salvaging major components of the building: 

– 218,919 kg of solid waste was not sent to local landfills or recycling facilities; 

– 773,248 kg of CO2 equivalent emissions were not released into the atmosphere; and

– 12.3 million MJ of primary energy avoided over the manufacturing, construction and end-of-
life stages, the equivalent of 300,000 litres of heavy fuel is not consumed.

The vast majority of the Primary Energy is used during the manufacturing process. In fact, when not 
taking into account the operations and maintenance aspects of a building such as in Table 5.1a, 
the manufacturing process is then responsible for an even larger part of the environmental impacts 
of a building, which averages at 92% in Table 5.1a. 

Table 5.1a - Model 3 Retained Components total embodied environmental impacts

Manufacturing

10,660,045

173,389

132,816

308

751,916

5,061,135

Construction

1,458,104

44,828

10,813

0

20,922

33,093

Operations and 
Maintenance

n/a

n/a

n/a

n/a

n/a

n/a

End-of-life

181,007

2

85

0

410

4,107

Total Embodied

12,299,156

218,219

143,714

380

773,248

5,098,335

Primary Energy 
Consumption (MJ)

Soild Waste (kg)

Air Pollution Index

Water Pollution Index

Global Warming Potential (kg) 
(CO2 equivalent)

Weighted Resource Use (kg)

Operating 
Energy

n/a

n/a

n/a

n/a

n/a

n/a

Throughout these life-cycle stages, resources such as water, electricity and coal are also consumed 
to power and facilitate manufacturing and construction processes. Table 5.1b summarizes addition-
al key environmental impacts that are avoided by reusing this structure. For instance, approximately 
3.4 million litres of water and over 400,000 kWh of electricity are saved. Moreover, since the use of 
62.5 tonnes of coal is avoided, it is fair to conclude that the air and water pollution resulting from 
this renovation project is notably reduced. 
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5.2. Comparison of the Renovated Building Scheme to the New Building 
Scheme

5.2.1  Renovated Building Scheme Results

In order to comprehensively estimate the environmental impacts associated with the renovation of 
Buchanan Building D, it is important to include each phase of the work. 

First, the selective demolition work takes place prior to renovate (model 2). Therefore, only the envi-
ronmental impacts of the process of demolishing (end-of-life) is taken into account (refer Appendix 
B Model Results Table 5.2a). Table 5.2b itemizes the amount of materials sent to the landfill, or 
recycled when possible, as a consequence of this selective demolition process.

Second, the environmental impacts associated with keeping parts of the existing building are con-
sidered, i.e. operating and maintaining the existing building over its useful life, and demolishing it 
at the end of its life (refer to Appendix B Model Results Table 5.2c Model 3). The manufacturing 
and construction processes are automatically discarded from the calculations since it is already 
built.

Finally, the impacts from the renovation work are estimated so that they can be added later to the 
calculations (refer to Appendix B Model Results Table 5.2d Model 4).

Results from these three phases are then compiled into one final table that summarizes the overall 
environmental impact of renovating the Buchanan Building D (refer to Table 5.2e). 

Table 5.1b - Key environmental impacts avoided by retaining components

Materials

Electricity Use

Water Use

Coal Use

Quantity

411,691 kWh

3,431,462 L

62,498 kg

Manufacturing

1,598,540

46,555

30,698

87

114,734

284,638

Construction

57,128

5,092

203

0

1,182

1,309

Operations and 
Maintenance

1,213,617

16,818

66,483

6

177,702

217,102

End-of-life

217,208

2

102

0

490

4,929

Total Embodied

3,086,493

68,467

97,486

93

294,108

507,978

Primary Energy 
Consumption (MJ)

Soild Waste (kg)

Air Pollution Index

Water Pollution Index

Global Warming Potential (kg) 
(CO2 equivalent)

Weighted Resource Use (kg)

Operating 
Energy

340,542,878

713,294

8,394,701

664

17,515,826

6,307,239

Table 5.2e - Renovated Building Scheme Overall Summary Measures (sum of tables 5.2a, 5.2c, 5.2d)
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5.2.2. New Building Scheme Results

Similar to the Renovated Building scheme, the estimation of the environmental impacts associated 
with the construction of the New Building must include each phase of the work. 

First, the complete demolition of the existing building takes place. Therefore, only the environmen-
tal impacts of the process of demolishing (end-of-life) is taken into account (refer to Appendix B 
Model Results Table 5.2f). Table 5.2g quantifies the amount of removed materials sent to landfill, 
or recycled when possible, as a consequence of the demolition process.

Second, the environmental impacts associated with constructing a completely new building are 
accounted for, i.e. manufacturing all building materials, and constructing, operating, maintaining 
and demolishing the building (refer to Appendix B Model Results Table 5.2h). 

All of these measures are then compiled into one final table summarizing the overall environmental 
impacts of constructing a completely new building to replace the Buchanan Building D (refer to 
Table 5.2i).

Table 5.2i - New Building Scheme Overall Summary Measures (sum of tables 5.2f and 5.2h)

Manufacturing

12,789,474

219,481

166,290

467

872,637

5,335,263

Construction

1,527,013

49,920

11,020

0

22,125

34,670

Operations and 
Maintenance

1,253,645

17,994

67,228

6

180,179

220,504

End-of-life

398,891

4

186

0

900

9,051

Total Embodied

15,969,023

287,399

244,724

473

1,075,841

5,599,488

Primary Energy 
Consumption (MJ)

Soild Waste (kg)

Air Pollution Index

Water Pollution Index

Global Warming Potential (kg) 
(CO2 equivalent)

Weighted Resource Use (kg)

Operating 
Energy

289,510,358

606,402

7,136,701

565

14,890,968

5,362,059
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Table 5.2j – Comparison Table between Renovated Building versus New Building Scheme

Manufacturing

1,598,540

12,789,474

46,555

219,481

30,698

166,290

87

467

114,734

872,637

284,638

5,335,263

Construction

57,128

1,527,013

5,092

49,920

203

11,020

0

0

1,182

22,125

1,309

34,670

Operations and 
Maintenance

1,213,617

1,253,645

16,818

17,994

66,843

67,228

6

6

177,702

180,179

217,102

220,504

End-of-life

217,208

398,891

2

4

102

186

0

0

490

900

4,929

9,051

Total Embodied

3,086,493

15,969,023

68,467

287,399

97,486

244,724

93

473

294,108

1,075,841

507,978

5,599,488

Primary Energy 
Consumption (MJ)

Soild Waste (kg)

Air Pollution Index

Water Pollution Index

Global Warming Potential (kg) 
(CO2 equivalent)

Weighted Resource Use (kg)

Operating 
Energy

340,542,878

306,490,985

713,294

641,969

8,394,701

7,555,290

664

598

17,515,826

15,764,367

6,307,239

5,676,560

Total Life 
Cycle

343,629,371

322,460,008

781,761

929,368

8,492,187

7,800,014

757

1,071

17,809,934

16,840,208

6,815,217

11,276,048

5.2.3. Comparison of Renovated and New Bulding Models 

This section compares and contrasts the six environmental implications for each building scheme, 
highlighting the difference between the two models and the potential explanations for these differ-
ences. Table 5.2j provides results for each building; the Renovated Building results are shown in 
green.
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Primary Energy Consumption Analysis

Primary Energy Consumption is essentially embodied primary energy (MJ) and includes all energy, 
direct and indirect, used to transform or transport raw materials into products and buildings, 
including inherent energy contained in raw or feedstock materials that are also used a common 
energy sources (see Appendix A for further description). When comparing the Renovated and New 
Building schemes, it is apparent that the Renovated Building has less embodied Primary Energy 
Consumption, principally concentrated during the manufacturing process. 

However, when extrapolated over an 80 year life span and with consideration of the operational 
energy, the New Building will overall consume 6% less primary energy (21 million MJ) than the 
Renovated Building. This is understandable since the newer, more energy-efficient building requires 
less resource to operate. In addition, this positive effect on the environment is accentuated when 
multiplied by the number of years the building is expected to be used.

Chart 1 shows the different consumption profiles for each building scheme and the crossover 
point, at which point the New Building scheme has a lower primary energy use than the Renovated 
Building model. 

Solid Waste Analysis 

Solid waste is reported on a mass basis in kilograms. This comparison shows that overall the New 
Building construction will create 19% more solid waste than generated by the Renovated Building. 
Over the life of the Renovated Building, a total of 147,607kg of solid waste is diverted from local 
landfills by retaining large components of Building D. 

More so, by retaining the concrete structure of Building D over 2,500 m³ of concrete, 10.76 
tonnes of steel wire mesh and 138 tonnes of steel reinforcing bars are not removed from the site. A 
detailed comparison of the materials saved versus those removed from the site as a consequence of 

Chart 1 - Primary Energy Use



Life Cycle Assessment
Buchanan Building D

 
18PREPARED FOR UBC PROJECT SERVICES �����������

demolishing the existing building is provided in Appendix B. From this summary, it is apparent that 
the total amount of materials is quite significant when demolishing a whole building rather then a 
selective demolition process. Up until more recently, most of this material would have been dispose 
of at local landfills. Today, on average 50% of demolition waste is diverted to reuse and recycling 
facilities in the Greater Vancouver region. Although recycling facilities provide a favorable alterna-
tive to land-filling material, when evaluating the total life cycle impacts, it is critical to consider the 
energy and other resources required to process diverted materials. 

It is important to note that one limitation of the EIE software currently is that it does not take into 
consideration a material’s recyclability and reusability. 

Air Pollution Index Analysis

To determine the Air Pollution Index, Athena uses an accepted critical volume method to estimate 
the volume of ambient air or water that would be required to dilute contaminants to acceptable lev-
els. The Air Pollution Index is a maximum of a given set of air pollutants, divided by 1000. Please 
refer to Appendix A for more details. When examining the total embodied Air Pollution effects of 
the two building schemes, the Renovated Building has 2.5 times lower total embodied impact when 
compared to the New Building. 

However, the Total Life Cycle impact highlights that over an 80 year life span, the New Building will 
emit 8% less air pollutants. This result is mostly likely due to the improved operational performance 
of a new building. 

Water Pollution Index Analysis

The Water Pollution Index is calculated in the same manner as was the Air Pollution Index. Athena 
uses an accepted critical volume method to estimate the volume of water that would be required to 
dilute contaminants to acceptable levels. The Water Pollution Index is a maximum of a given set of 
water pollutants, divided by 1000. Please refer to Appendix A for more details. 

Overall, the New Construction scheme will release approximately 5 times the pollution than the 
Renovated model during its manufacturing phase only. Moreover, it will release 41% more pollution 
as compared to the Renovated Building over its total life cycle.

Global Warming Potential Analysis

The Global Warming Potential is a reference measure for all greenhouse gas emissions. Carbon diox-
ide or “CO2 equivalent effect” is the common reference standard for global warming or greenhouse 
gas effects. This equivalency measure accounts for carbon dioxide, methane, and nitrogen oxide. 

The Renovated Building scheme has a lower total embodied Global Warming Potential than the New 
Building model. A total of 781,786 kg CO2 equivalent emissions are not released into the atmo-
sphere during the upfront life cycle phases, not including operating energy. When the total operating 
energy is factored into the final life cycle impact for the two models, the New Building model emits 
5% (969,671 kg) less CO2 equivalent emissions overall. This comparison is charted below for both 
buildings showing the cross over point for emissions released once the building is operational.
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Weighted Resource Analysis 

The Weighted Resource Use effect is calculated by the Athena Institute as the sum of weighted 
resources requirements for all products used in each of the designs. This measure can be thought 
of as “ecologically weighted kilograms”, where the weights reflect expert opinion about the relative 
ecological carrying capacity of extracting the resources.

The total embodied Weighted Resource Use saved by the Renovation Building equates to 5,091, 
151 kg or 11 times less than the New Building scheme. This result is largely due to the amount 
of materials salvaged and retained for the Renovated Building scheme, Buchanan Building D. In 
comparing the total life cycle impact, which includes total operating energy, the Renovated Building 
scheme still consumes 40% less natural resources (overall 4.5 million kg) over its 80 year span. 

Chart 2 - CO2 Equivalent

Chart 3 - Weighted Resource Use
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Manufacturing Process versus Total Embodied Environmental Impact Analysis               

The manufacturing process accounts for the majority of the embodied environmental impacts. For 
instance in the New Building scheme, it is responsible for 83% of the total embodied impacts 
(e.g., 79% for the Primary Energy Use, 76% for Solid Waste, 66% for the Air Pollution Index, 99% 
for the Water Pollution Index, 80% for the Global Warming Potential, and 95% for the Weighted 
Resource Use). If the manufacturing of new building materials could be avoided or lessen, either 
by using a high level of recycled and/or salvaged materials or by retaining existing components, the 
environmental impacts would be significantly lower. 

5.3. Summary of Comparative Analysis

When comparing the two schemes (Table 5.2j), it is apparent that the embodied environmen-
tal impacts of demolishing the whole building and constructing new are greater than renovating 
Building D. The majority of these embodied impacts are seen within the manufacturing and con-
structing processes. For example, if one only looks at the manufacturing process, constructing a 
new building has between 5 times (Solid Waste) to 18 times (Weighted Resource Use) more embod-
ied environmental impacts. In addition the New Building scheme has between 6 times (Air Pollution 
Index) to 25 times (Weighted Resource Use) impact when comparing the data of the construction 
phase only. 

However, when the total operational energy is factored into the total life cycle cost for each model, 
the gaps between the models become smaller for each environmental implication, particularly for 
Primary Energy Consumption and Global Warming Potential. This is understandable since the newer, 
more energy-efficient building requires less resource to operate, consequently less pollution. And 
this positive effect on the environment is accentuated when multiplied by the building life expec-
tancy. 

The only area where the data are similar between the two schemes is in the Operations and 
Maintenance phase. This is understandable since both schemes are very similar models, one hav-
ing slightly more materials like rigid insulation (refer to 4.1.1 – Model 5). Moreover, the difference 
between the schemes in the Operations and Maintenance phase becomes negligible when stretched 
over the life span of the building. However, one could note that the greatest environmental impact 
linked to the Operations and Maintenance is air pollution.

Overall the environmental impact ratios for the New Building compared to the Renovated Building 
over its life span are as follows: 

– 6% less primary energy is consumed;

– 19% more solid waste is created;

– 8% less air pollution is emitted;

– 41% more water pollution is emitted;

– 5% less CO2 equivalent is emitted; and finally

– 65% more natural resource is used.
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Since these are estimated values with a tolerance of few percents, some of them could appear prac-
tically similar, like the values for the primary energy consumption and the CO2 equivalent emissions. 
However, it should be noted that a small reduction in percentage for a large amount is still consid-
erable, such as in the case of Primary Energy Use with 6% of 343,601,147 MJ equates to more 
than 20 million Mega Joules. 

Often only the decrease in operating energy and subsequently CO2 emissions reduction are assessed 
when determining the environmental merits of a building and can overshadow the full embodied 
effects of a building. Moreover, it should be noted that the solid waste, natural resource use, and 
water index for the New Building model are front-loaded, occurring mainly during the manufacturing 
and construction phases as oppose to more constantly distributed over the life-span of the building. 
Therefore, it is equally important to consider these environmental impacts when evaluating the total 
life cycle impact of a building.
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6. Salvaged Value Estimate
6.1. Introduction

Buchanan Building D consists of 1-level below grade (basement with M&E rooms) and 3-levels 
above ground with classrooms/student services. The building is presently being renovated and our 
current mandate is to provide an estimate of the cost to replace the salvaged components of the 
existing building. The gross floor area of the project, measured in accordance with the Canadian 
Institute of Quantity Surveyors guidelines is 5,090 square meters. 

6.2. Current Cost Estimate

The current estimated construction cost for the building based on the information provided is sum-
marized as follows:

Element

Structure

Envelope

Interiors

Services

Site and Ancilliary

General Requirements and Fee

Contingencies / Design Fees

Total

Estimate

$ 3,146,290

$ 1,427,919

$ 1,109,246

$ 1,099,135

$ 26,900

$ 840,972

—

$ 7,650,462

Cost per 
Square Meter

$ 618.13

$ 280.53

$ 217.93

$ 215.94

$ 5.28

$ 165.22

—

$ 1,503.03

% of Total

41.0

18.7

14.5

14.4

0.4

11.0

0.0

100.0

Please note that the value of excavation and backfill work only is $421,500, excluding GST and is 
not included in the above figures. There is no landscaping, paving or other site work included in the 
above figures. These numbers are consolidated in the table below. 

Salvaged Value Estimate Table

Summary

Salvaged Value of the Building

Excavation

Total Demolition

Subtotal

Block D Renovation - Tendered

Total Estimated Cost

Estimated Costs

$ 7,650,500

$ 421,500

$ 400,000

$ 8,472,000

$ 5,920,000

$ 14,392,000

Cost per 
Square Meter

$ 1,503.05

$ 82.81

$ 78.59

$ 1,644.45

$ 1,163.06

$ 2,827.51

Cost per 
Square Foot

$ 139.69

$ 7.70

$ 7.30

$ 154.69

$ 108.09

$ 262.78
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6.3. Basis of Estimate

The estimated costs are based on the outline specifications and assumptions in Appendix D (section 
6), the design information provided as outlined in Appendix D (section 5) of this report.

6.4. Contingencies

– Design Contingency: This contingency covers unforeseen items during the design phase from 
conceptual design through to tender documents. The contingency is established at the prelimi-
nary design stage and is ultimately reduced to zero at tender documents stage estimates. We 
have not included a Design Contingency as the estimate is prepared from as built drawings.

– Escalation Contingency: This contingency provides for increases to the cost of labour, materials 
and equipment due to changes in market conditions between the date of the estimate and the 
date of tender closing. We have not included an escalation contingency as the mandate was an 
estimate in 2006 dollars.

– Construction Contingency: This is an allowance to cover unforeseen items during the construc-
tion period resulting in change orders to the contract(s) awarded. We have not included a con-
struction contingency as the estimate is prepared from as built drawings.

6.5. Exclusions / Qualifications

Please note the following exclusions to this estimate in addition to those listed at Appendix 7.

– Loose furniture, fittings and equipment (FF&E)

– Excavation & backfill

– Site development

– Mechanical Site Services
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7. Conclusions
In conclusion, it is both environmentally and economically more advantageous to renovate 
Buchanan Building D rather than completely demolish it and construct a new facility based on the 
analysis completed in this study. 

Environmentally, considerable embodied energy, pollution and natural resource impacts are avoided 
by retaining building components. In parallel, by retaining building components, the quantity of 
materials that was not sent to landfill (or to recycling facilities) is significantly greater than what 
is sent as a consequence of the selective demolition process. As a stand alone exercise of assess-
ing the avoided environmental impacts of retaining major structural and envelope components of 
Building D, the University of British Columbia has prevented: 

– 218,919 kg of solid waste from being sent to local landfills or recycling facilities; 

– 773,248 Kg of CO2 equivalent emissions from being released into the atmosphere; and

– 12.3 million Mega Joules of primary energy from being consumed during the manufacturing, 
construction and end-of-life stages, the equivalent of 300,000 litres of heavy fuel.

In the comparative exercise between the Renovated and New Building models, the overall environ-
mental impact ratios for the New Building compared to the Renovated Building over its life span are 
as follows: 

– 6% (21,169,363 MJ) less primary energy is consumed;

– 19% (147,607kg) more solid waste is created;

– 8% (692,173 air pollution index) less air pollution is emitted;

– 41% (314 water pollution index) more water pollution is emitted;

– 5% (969,726 kg CO2 Equivalent) less CO2 equivalent is emitted; and finally

– 65% (4,460,831kg) more natural resource is used.

As a result of analyzing the Renovation and New Building schemes, the inclusion of Total Operating 
Energy consumption became a determining factor since its effect is greatly accentuated by the life-
expectancy of the building. For instance, even though the renovation project has substantially lower 
environmental impacts in three (Solid Waste, Water Pollution Index, Natural Resources) of the six 
analysed categories, the New Building scheme has slightly smaller environmental footprint in the 
other three (Primary Energy Consumption, Air Pollution Index, and Global Warming Potential).

The real environmental advantage of renovating a building lies within the possibilities of mak-
ing it more energy-efficient to operate, which is on a case-by-case basis, and the conservation of 
primary natural resources. Since the only area where it is more advantageous to construct a new 
building is the Total Operating Energy saved, some additional measures can be taken to narrow the 
gap between the energy efficiency of the existing and the new buildings. In the case of Buchanan 
Building D renovation, measures such as adding insulation on the roof or on the concrete masonry 
block up-stand walls located below the windows might lead to a better performing building enve-
lope. It should be noted that the glazing system comprises the vast majority of the wall area and it 
is currently being upgraded with double-glazed units as part of the renovation.
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Financially, the salvage value of the retained components was estimated to be $7,650,500, which 
equates to approximately $1,500 per square meter. In addition, it was estimated to cost $400,000 
for full demolition of the existing building and $421,500 for excavation work associated with 
the New Building scheme. When adding these three costs together with the tendered costs of 
$5,920,000 for Building D, the scheme of a completely new building would have potentially cost 
$14,392,500. In sum, an estimated $8,472,000 has been saved by choosing to renovate rather 
than construct a new building. 

This study, finally, provides an in-depth look at the salvaged value, environmental life cycle benefits 
and ramifications, and the tradeoffs of renovating versus constructing a new building. In the case of 
Buchanan Building D along with the objectives of UBC’s Renew program, the project will result in 
a more cost effective solution and a building that will have a comparatively low environmental life 
cycle impact, particularly with respect to water pollution, resource use, and solid waste. 
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Appendix A: EIE Definitions for Environmental 
Implications
The Environmental Impact Estimator generates the following environmental implications: 

– Embodied primary energy use (MJ)

– Global warming potential (GWP) (CO2 equivalent)

– Solid Waste (kg)

– Index of Water Effects

– Index of Air Pollution Effects

– Natural Resource use (kg)

These implications are defined by the Athena Sustainable Materials Institute as follows: 

Embodied primary energy use (MJ): Embodied primary energy includes all energy, direct and indi-
rect, used to transform or transport raw materials into products and buildings, including inherent 
energy contained in raw or feedstock materials that are also used as common energy sources. For 
example, natural gas used as a raw material in the production of various plastic (polymer) resins. In 
addition, the model captures the indirect energy use associated with processing, transporting, con-
verting and delivering fuel and energy.

Global warming potential (GWP) (CO2 equivalent): GWP is a reference measure and carbon dioxide 
is the common reference standard for global warming or greenhouse gas effects. All other green-
house gases are referred to as having a “CO2 equivalence effect” which is simply a multiple of the 
greenhouse potential (heat trapping capability) of carbon dioxide. This effect has a time horizon due 
to the atmospheric reactivity or stability of the various contributing gases over time. 

As yet, no consensus has been reached among policy makers about the most appropriate time 
horizon for greenhouse gas calculations. The International Panel on Climate Change 100-year time 
horizon figures have been used here as a basis for the equivalence index:

CO2 Equivalent kg = CO2 kg + (CH4 kg x 23) + (N2O kg x 296)

While greenhouse gas emissions are largely a function of energy combustion, some products also 
emit greenhouse gases during the processing of raw materials. Process emissions often go unac-
counted for due to the complexity associated with modeling manufacturing process stages. One 
example where process CO2 emissions are significant is in the production of cement (calcination of 
limestone). Because Athena™ uses data developed by a detailed life cycle modeling approach, all 
relevant process emissions of greenhouse gases are included in the resultant global warming poten-
tial index.

Solid Waste (kg): Solid waste is reported on a mass basis in kilograms and is generally self-explana-
tory. No attempt has been made to further characterize emissions to land as either hazardous or 
non-hazardous.

Index of Water and Air Pollution Effects: Water and air pollution effects indices are similarly intend-
ed to capture the pollution or human health effects of groups of substances emitted at various life 
cycle stages. In this case we used the commonly recognized and accepted critical volume method 
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to estimate the volume of ambient air or water that would be required to dilute contaminants to 
acceptable levels, where acceptability is defined by the most stringent standards (i.e., drinking 
water standards).

Athena™ calculates and reports these critical volume measures based on the worst offender -- that 
is, the substance requiring the largest volume of air and water to achieve dilution to acceptable 
levels. The hypothesis is that the same volume of air or water can contain a number of pollutants. 
However, there are concerns about the cumulative or synergistic effects of some substances and we 
therefore expect to further refine our approach in the future.

Natural Resource use (kg): Raw resource use can be measured in common units such as tonnes, but 
a unit of one resource like iron ore is not at all comparable to a unit of another resource life timber 
or coal when it comes to environmental implications of extracting resources. Since the varied effects 
of resource extraction, (e.g., effects on bio-diversity, ground water quality and wildlife habitat, etc.) 
are a primary concern, the tool makes sure they are taken into account. The problem is that while 
these ecological carrying capacity effects are as important as the basic life cycle inventory data, 
they are much harder to incorporate for a number of reasons, especially their highly site-specific 
nature.

Our approach was to survey a number of resource extraction and environmental specialists across 
Canada to develop subjective scores of the relative effects of different resource extraction activi-
ties. The scores reflect the expert panel ranking of the effects of extraction activities relative 
to each other for each of several impact dimensions. The scores were combined into a set of 
resource-specific index numbers, which are applied in Athena™ as weights to the amounts of raw 
resources used to manufacture each building product. The Weighted Resource Use values reported 
by Athena™ are the sum of the weighted resource requirements for all products used in each 
of the designs. They can be thought of as “ecologically weighted kilograms”, where the weights 
reflect expert opinion about the relative ecological carrying capacity effects of extracting resources. 
Excluded from this measure are energy feedstocks used as raw materials. Except for coal, no scor-
ing survey has been conducted on the effects of extracting fossil fuels, and hence, they have been 
assigned a score of one to only account for their mass. The weighting factor for each raw material is 
set out below:

– Weighted Resource Use

– Same as normal resource converted to mass quantities except: 

– LIMESTONE * 1.5 

– IRON ORE * 2.25 

– COAL * 2.25 

– WOODFIBER * 2.5

All other measures are indices requiring more explanation and interpretation. They have been 
developed because of the difficulty of using and interpreting detailed life cycle inventory results. 
For example, it takes considerable expertise to understand and appreciate the significance of the 
individual emissions to air and water. Both categories encompass a relatively large number of indi-
vidual substances with varying environmental impacts. In the case of raw resource use, there is no 
real basis for comparison from one material to another in terms of environmental impact. The model 
therefore compiles related numeric results into indices that summarise the results by indicating 
potentials for environmental impacts.
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Appendix B: Model Results
The following tables summarize modeled results referred to in section 5.2:

Weighted Resource Use (kg)

Table 5.2a - Model 2 End-of-Life Results

Manufacturing

n/a

n/a

n/a

n/a

n/a

n/a

Construction

n/a

n/a

n/a

n/a

n/a

n/a

Operations and 
Maintenance

n/a

n/a

n/a

n/a

n/a

n/a

End-of-life

28,224

0

10

0

53

641

Total Embodied

28,224

0

10

0

53

641

Primary Energy 
Consumption (MJ)

Soild Waste (kg)

Air Pollution Index

Water Pollution Index

Global Warming Potential (kg) 
(CO2 equivalent)

Operating 
Energy

n/a

n/a

n/a

n/a

n/a

n/a

Table 5.2b - Model 2 Bills of Materials Recycled or Sent to Landfill (Main Items)

Materials

Concrete Blocks

Mortar

Rebar, Rod, Light Sections

Stucco over porous surface

Aluminum

Clay tile

Aluminum frame

Standard glazing

Quantity

226

18 m3

0.09 tonnes

1,800 m2

0.30 tonnes

5,305 m2

1,771 m

701 m2

Table 5.2c - Model 3 Retained Components Summary Measures

Manufacturing

n/a

n/a

n/a

n/a

n/a

n/a

Construction

n/a

n/a

n/a

n/a

n/a

n/a

Operations and 
Maintenance

574,667

4,998

18,307

2

52,600

71,294

End-of-life

181,007

2

85

0

410

4,107

Total Embodied

755,674

5,000

18,392

2

53,010

75,401

Primary Energy 
Consumption (MJ)

Soild Waste (kg)

Air Pollution Index

Water Pollution Index

Global Warming Potential (kg) 
(CO2 equivalent)

Weighted Resource Use (kg)

Operating 
Energy

340,542,878

713,294

8,394,701

664

17,515,826

6,307,239
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Table 5.2d - Model 4 Renovation Work Summary Measures

Manufacturing

1,598,540

46,555

30,698

87

114,734

284,638

Construction

57,128

5,092

203

0

1,182

1,309

Operations and 
Maintenance

638,950

11,820

48,176

4

125,102

145,808

End-of-life

7,977

0

7

0

27

181

Total Embodied

2,302,595

63,467

79,084

91

241,045

431,936

Primary Energy 
Consumption (MJ)

Soild Waste (kg)

Air Pollution Index

Water Pollution Index

Global Warming Potential (kg) 
(CO2 equivalent)

Weighted Resource Use (kg)

Operating 
Energy

n/a

n/a

n/a

n/a

n/a

n/a

Table 5.2f - Model 1 End-of-Life Results

Manufacturing

n/a

n/a

n/a

n/a

n/a

n/a

Construction

n/a

n/a

n/a

n/a

n/a

n/a

Operations and 
Maintenance

n/a

n/a

n/a

n/a

n/a

n/a

End-of-life

209,142

2

94

0

462

4,746

Total Embodied

209,142

2

94

0

462

4,746

Primary Energy 
Consumption (MJ)

Soild Waste (kg)

Air Pollution Index

Water Pollution Index

Global Warming Potential (kg) 
(CO2 equivalent)

Weighted Resource Use (kg)

Operating 
Energy

n/a

n/a

n/a

n/a

n/a

n/a

Table 5.2e - Renovated Building Scheme Overall Summary Measures (sum of tables 5.2a, 5.2c, 5.2d)

Manufacturing

1,598,540

46,555

30,698

87

114,734

284,638

Construction

57,128

5,092

203

0

1,182

1,309

Operations and 
Maintenance

1,213,617

16,818

66,483

6

177,702

217,102

End-of-life

217,208

2

102

0

490

4,929

Total Embodied

3,086,493

68,467

97,486

93

294,108

507,978

Primary Energy 
Consumption (MJ)

Soild Waste (kg)

Air Pollution Index

Water Pollution Index

Global Warming Potential (kg) 
(CO2 equivalent)

Weighted Resource Use (kg)

Operating 
Energy

340,542,878

713,294

8,394,701

664

17,515,826

6,307,239
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Table 5.2g - Model 1 Bills of Materials Recycled or Sent to Landfill (Main Items)

Materials

Concrete 20 Mpa (Flyash average)

Concrete 30 Mpa (Flyash average)

Concrete Blocks

Mortar

Welded Wire Mesh

Rebar, Rod, Light Sections

Galvanized Steel Studs

Extruded Polystyrene (25mm)

Standard Brick

Stucco Over Metal Mesh

Stucco Over Porous Surface

Aluminum

Glazing Panel

Clay Tile

Aluminum Frame

Standard Glazing

Mod. Bit. Membrane

Quantity

1,257 m3

1,335 m3

7,083 blocks

76 m3

10.76 tonnes

138.9 tonnes

0.90 tonnes

1,909 m2

1,107 m2

282 m2

2,570 m2

3.90 tonnes

10.79 tonnes

8,081 m2

1,771 m

766 m2

1,718 kg

Table 5.2h - Model 5 New Building Summary Measures

Manufacturing

12,789,474

219,481

166,290

467

872,637

5,335,263

Construction

1,527,013

49,920

11,020

0

22,125

34,670

Operations and 
Maintenance

1,253,645

17,994

67,228

6

180,179

220,504

End-of-life

189,749

2

92

0

438

4,305

Total Embodied

15,759,881

287,397

244,630

473

1,075,379

5,594,742

Primary Energy 
Consumption (MJ)

Soild Waste (kg)

Air Pollution Index

Water Pollution Index

Global Warming Potential (kg) 
(CO2 equivalent)

Weighted Resource Use (kg)

Operating 
Energy

289,510,358

606,402

7,136,701

565

14,890,968

5,362,059
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Manufacturing

12,789,474

219,481

166,290

467

872,637

5,335,263

Construction

1,527,013

49,920

11,020

0

22,125

34,670

Operations and 
Maintenance

1,253,645

17,994

67,228

6

180,179

220,504

End-of-life

398,891

4

186

0

900

9,051

Total Embodied

15,969,023

287,399

244,724

473

1,075,841

5,599,488

Primary Energy 
Consumption (MJ)

Soild Waste (kg)

Air Pollution Index

Water Pollution Index

Global Warming Potential (kg) 
(CO2 equivalent)

Weighted Resource Use (kg)

Operating 
Energy

289,510,358

606,402

7,136,701

565

14,890,968

5,362,059

Table 5.2i - New Building Scheme Overall Summary Measures (sum of tables 5.2f and 5.2h)

Table 5.2j – Comparison Table between Renovated Building versus New Building Scheme

Manufacturing

1,598,540

12,789,474

46,555

219,481

30,698

166,290

87

467

114,734

872,637

284,638

5,335,263

Construction

57,128

1,527,013

5,092

49,920

203

11,020

0

0

1,182

22,125

1,309

34,670

Operations and 
Maintenance

1,213,617

1,253,645

16,818

17,994

66,843

67,228

6

6

177,702

180,179

217,102

220,504

End-of-life

217,208

398,891

2

4

102

186

0

0

490

900

4,929

9,051

Total Embodied

3,086,493

15,969,023

68,467

287,399

97,486

244,724

93

473

294,108

1,075,841

507,978

5,599,488

Primary Energy 
Consumption (MJ)

Soild Waste (kg)

Air Pollution Index

Water Pollution Index

Global Warming Potential (kg) 
(CO2 equivalent)

Weighted Resource Use (kg)

Operating 
Energy

340,542,878

306,490,985

713,294

641,969

8,394,701

7,555,290

664

598

17,515,826

15,764,367

6,307,239

5,676,560

Total Life 
Cycle

343,629,371

322,460,008

781,761

929,368

8,492,187

7,800,014

757

1,071

17,809,934

16,840,208

6,815,217

11,276,048
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Table 5.2g - Model 1 Bills of Materials Recycled or Sent to Landfill (Main Items)

Materials Quantity

0 m3

1,257 m3

0 m3

1,335 m3

226 blocks

7,083 blocks

18 m3

76 m3

0 tonnes

10.76 tonnes

0.09 tonnes

138.9 tonnes

0 tonnes

0.90 tonnes

0 m2

1,909 m2

0 m2

1,107 m2

0 m2

282 m2

1,800 m2

2,570 m2

0.30 tonnes

3.90 tonnes

0 tonnes

10.79 tonnes

5,305 m2

8,081 m2

1,771 m

1,771 m

701 m2

766 m2

0 kg

1,718 kg

Concrete 20 Mpa (Flyash average)

Concrete 30 Mpa (Flyash average)

Concrete Blocks

Mortar

Welded Wire Mesh

Rebar, Rod, Light Sections

Galvanized Steel Studs

Extruded Polystyrene (25mm)

Standard Brick

Stucco Over Metal Mesh

Stucco Over Porous Surface

Aluminum

Glazing Panel

Clay Tile

Aluminum Frame

Standard Glazing

Mod. Bit. Membrane
















































































































